Metabolism of glyoxylate and hydroxypyruvate in photosynthesizing cells is considered to be intimately related to the operation of the glycolate pathway (known also as the oxidative photosynthetic carbon cycle or C2-cycle), which is responsible for photorespiration in plants (13). In this process, which involves metabolism of several two-and three-carbon intermediates derived from P-glycolate in chloroplasts, glyoxylate
NADPH-GR, had only few, if any, common antigenic determinants with NADH-HPR from the 30 to 45% fraction. Both NADPH-HPR and NADPH-GR activities from the 45 to 60% precipitate were probably carried out by the same enzyme(s), as found by kinetic studies. Following preincubation with NADPH, there was a marked increase (up to sixfold) in activity of NADPH-HPR from either crude or fractionated extracts. Most of this increase could be attributed to an artefact resulting from an interference by endogeneous NADPH-phosphatase, which hydrolyzed NADPH to NADH, the latter being utilized by the NADH-dependent HPR. However, in the presence of 15 millimolar fluoride (phosphatase inhibitor), preincubation with NADPH still resulted in over 60% activation of NADPH-HPR. The NADPH treatment stimulated the Vmax of the reductase but had no effect on its Km for hydroxypyruvate. Enzyme distribution studies revealed that both NADH and NADPH-dependent HPR and GR activities were predominantly localized in the bundle sheath compartment. Rates of NADPH-HPR and NADPH-GR in this tissue (over 100 micromoles per hour per milligram of chlorophyll each) are in the upper range of values reported for leaves of C3 species.
Metabolism of glyoxylate and hydroxypyruvate in photosynthesizing cells is considered to be intimately related to the operation of the glycolate pathway (known also as the oxidative photosynthetic carbon cycle or C2-cycle), which is responsible for photorespiration in plants (13) . In this process, which involves metabolism of several two-and three-carbon intermediates derived from P-glycolate in chloroplasts, glyoxylate Supported in part by the National Science Foundation grant is formed by oxidation of glycolate, while hydroxypyruvate is formed by transamination from serine. Glyoxylate, in turn, serves as an immediate precursor to glycine through transamination reactions, while hydroxypyruvate is converted to glycerate by the HPR-1,2 which can also utilize glyoxylate as a nonspecific substrate (21, 32) . All these reactions are confined to the peroxisomes and require a coordinated supply of amino-group donors/acceptors and reducing power from the cytosol.
Recently two new leaf enzymes, NADPH-preferring glyoxylate reductase (NADPH[NADH]-GR) and HPR-2, have been characterized, which metabolize glyoxylate and hydroxypyruvate to glycolate and glycerate, respectively, at rates comparable to, or exceeding, an overall rate of carbon flow through the glycolate pathway (17) (18) (19) (20) . HPR-2 is localized largely in the cytosol ( 16) and, in analogy to the peroxisomal reductase, shows nonspecific rates with glyoxylate (18) . NADPH(NADH)-GR is also mostly cytosol based (11, 16) , it is specific for glyoxylate (19) , and should be considered as an important glycolate-generating reaction in leaves (17, 19, 20) . Both enzymes have been proposed to serve as back-up reactions of the glycolate pathway, utilizing glyoxylate and hydroxypyruvate generated in the peroxisomes and 'leaked' or otherwise exported to the cytosol (1 1, [16] [17] [18] [19] [20] . The GR recycles glyoxylate back to the glycolate level, the latter is probably transported to the peroxisomes and converted to glycine, while glycerate formed by the cytosolic HPR may be directly exported to the chloroplasts to be metabolized to 3-phosphoglycerate by glycerate kinase (13) . Thus, the two enzymes may have an auxillary role in the photorespiratory cycle, assuring that the P-glycolate-derived carbons of glyoxylate and hydroxypyruvate would eventually be returned to the chloroplasts for reduction through the reductive photosynthetic carbon pathway (Calvin-Benson cycle).
Studies on enzymes responsible for HPR and GR activities in leaves have been limited to C3 plants. With respect to C4 species, which show low (if any) rates of the photorespiratory CO2 evolution (13) , there have been only few reports concern-both NADH-and NADPH-dependent HPRs and GRs from maize, a C4 plant, taking advantage of their differential solubility in salts, distinct substrate kinetics, and immunological properties. Characteristics of maize reductases are compared to those previously reported for purified HPR-1, HPR-2, and NADPH(NADH)-GR from spinach and other C3 species.
MATERIALS AND METHODS Plant Material and Reagents
Maize (Zea mays L., cv Garland Flint, obtained from Johnny's Selected Seeds, Albion, ME) plants were grown in a growth room under a 16 h light and 8 h dark photoperiod regime (at 30 and 18°C, respectively). The light intensity at the level of the leaves was about 600 sE m-2 s-'. Leaves were harvested from 1 1-to 12-day old seedlings. Only the youngest, fully expanded leaves were taken for experiments. Spinach (Spinacia oleracea L.) leaves were from a local grocery store.
All reagents used in enzymic assays were from Sigma Chemical Co., St. Louis, MO. Purified spinach HPR-1 (commercial names: 'glycerate dehydrogenase' or 'glyoxylate reductase') was also from Sigma. Only enzymically reduced NADPH (catalogue No. N-6505, Sigma) was used for assays of NADPH-HPR and NADPH-GR.
Ammonium Sulfate Fractionation
The whole procedure was carried out at 0 to 4°C. Maize leaves (50 g) were cut with a razor blade into about 5 x 10 mm slices and homogenized (Osterizer blender, Pulse-matic) for 40 s with 200 mL of grinding medium containing 40 mM Tricine (pH 7.8), 1 mM MgC12, 2 mM DTT, and 1 mM EDTA. The extract was squeezed through two layers of cheesecloth and one layer of Miracloth (Calbiochem) and the filtrate saved. The residue collected on the filter was frozen with liquid nitrogen and further broken down by grinding with a mortar and pestle in the presence of 5 g of sand. The resulting fine powder was suspended in the grinding medium, filtered as before, and the filtrate fraction combined with the initial filtrate.
The extract was centrifuged (15 min, 15,000g) Ammonium sulfate fractionation of spinach leaf extract was carried out as previously described ( 17) .
Enzyme Distribution
The procedure followed closely that described by Jenkins and Russ (15) . All steps were carried out at 0 to 4°C. About 25 g of maize leaves were deribbed and chopped with razor blade to about 2 x 10 mm slices. The slices were soaked with 100 mL of homogenization medium containing 0.35 M sorbitol, 25 mM Hepes (pH 7.8), 1 mM MgCl2, 5 mm EDTA, 0.2% bovine serum albumin, 2 mM isoascorbate, and 5 mM DTT, and homogenized for 6 s (at a voltage setting of 6) in a Sorvall blender. The extract was filtered through one layer each of Miracloth and cheesecloth. The filtrate was given freeze/thaw treatment with liquid nitrogen, and centrifuged (15 min, 15,000g) to remove cellular and organelle debris. The supernatant was taken as a mesophyll-enriched fraction.
The residue on the filter was further homogenized (Sorvall, full setting for 15 s) with 100 mL of the homogenization medium. This extract was also filtered through one layer each of Miracloth and cheesecloth, and the residue on the filters crushed with a mortar and pestle using 5 g of sand and liquid nitrogen. The resulting fine powder was resuspended in 20 mL of the grinding medium, given freeze/thaw treatment with liquid nitrogen, ground with mortar and pestle, and centrifuged as before. The supernatant was taken as a bundle sheath-enriched fraction.
Kinetics
Unless otherwise indicated, assays of NADH-HPR and NADPH-HPR were done with at least eight different concentrations of hydroxypyruvate (range of 0.07-10 mM), while those of NADH-GR and NADPH-GR were done with at least six concentrations of glyoxylate (range of 0.2-20 mM). In cases where nonlinear kinetics were observed (substrate inhibition, negative cooperativity), the range of concentrations was extended for more accurate determination of apparent kinetic constants (e.g. Fig. 1 ).
Immunoprecipitation Studies
Antibodies against spinach HPR-1 were raised in a rabbit as previously described (19) . For 10 mm NaHCO3, 0.2 mm NADH, 5 units malate dehydrogenase (Sigma), 1 mM DTT and 2 mM P-enolpyruvate; (e) NADP-ME, 100 mM Tricine (pH 7.8), 0.4 mM NADP, 25 mM L-malate, 2.5 mM DTT, and 20 mM MgC12.
Coupling enzymes and spinach HPR-1 (Sigma) were desalted prior to assays. One unit of enzymic activity is defined as the amount of enzyme required to oxidize or reduce 1 ,umol of NAD(P)H or NADP, respectively, under assay conditions described above.
Other Methods
Determinations of Chl and protein content were carried out according to Arnon (3) and Bradford (4) , respectively.
RESULTS AND DISCUSSION Differentiation of Hydroxypyruvate and Glyoxylate Reductases by Salting-Out
When leaf extracts of maize were fractionated with ammonium sulfate, the NADH-dependent activities of HPR and GR (when assayed with 20 mm glyoxylate) were largely found in the 30 to 45% ppt. fraction, while NADPH-HPR and NADPH-GR were mainly associated with the 45 to 60% ppt. (Table I ). Only insignificant activities (less than 5% of total rates) of HPRs and GRs were detected in the 0 to 30% ppt. fraction or in the supernatant obtained following centrifugation of proteins in 60% saturated ammonium sulfate (data not shown). This indicated that the activities recovered in the 30 to 45% and 45 to 60% precipitates represented the total pool of HPRs and GRs in maize leaves. Both HPR and GR activities increased during the ammonium sulfate procedure, as was apparent from a comparison oftotal activities following the fractionation versus those in leaf extracts (Table I) . This increase amounted to about 10% for NADH-HPR and up to 1 10 to 160% for NADH-GR, NADPH-HPR, and NADPH-GR, and was probably related to the removal of some endogeneous low mol wt inhibitor(s) of the reductases (17) . Rates of the HPRs were higher than GR activities in each fraction, regardless ofcofactor, with the possible exception of NADPH-GR from the 45 to 60% ppt. which slightly exceeded (at 20 mM glyoxylate) the rate of an accompanying NADPH-HPR. After ammonium sulfate fractionation, the distribution of total activities of the maize reductases was similar to that found for spinach, pea, and barley reductases, where peroxisomal HPR-1 was largely confined to the 30 to 45% ppt. fraction, while cytosolic HPR-2 and NADPH(NADH)-GR were found mostly in the 45 to 60% ppt. fraction (17, 18) .
Differentiation of Hydroxypyruvate and Glyoxylate
Reductases by Substrate Kinetics Assays containing low and high concentrations of hydroxypyruvate (1 and 4 mM) and glyoxylate (1 and 20 mM) provided preliminary evidence for the presence of high Km NADPH-HPR and NADH-GR activities in the 30 to 45% ppt. and for substrate inhibition of NADPH-HPR in the 45 to 60% ppt. (Table I) . This prompted us to analyze more closely the substrate kinetics of each of the reductase activities in both fractions. For comparison, using the same assay conditions, we also determined kinetic constants of the commercially available purified HPR-1 (peroxisomal) from spinach, a C3 plant.
Generally, substrate kinetics and the ratio of activities of maize reductases isolated as the 30 to 45% ppt. were analogous to those found for the spinach enzyme (Table II) . In each case, by far the highest Vmax value was observed for the NADH-HPR reaction, followed by NADPH-HPR (at high concentrations of hydroxypyruvate), NADH-GR, and NADPH-GR. The Km value (hydroxypyruvate) of 0.09 mM determined for NADH-HPR was similar to that found for HPR-1 from a variety of species (2, 14, 21, 31, 32) . Substrate inhibition ofthe NADH-HPR reaction at high concentrations of hydroxypyruvate, as found for both maize (30-45% ppt.) and purified spinach HPR-1 (Table II) , was previously observed for the enzyme from Lemna leaves (2) and from algae (14) . The NADH-GR activity associated with the 30 to 45% ppt. in maize showed very high Km for glyoxylate (12.5 mM), which is also a general property of the peroxisomal enzyme (21, 31, 32) .
Other properties of the peroxisomal HPR, previously not reported, are the relatively high rate of its nonspecific NADPH-HPR reaction at high concentrations of hydroxypyruvate (Table II) , and biphasic kinetics yielding two Km and two Vma, values (Table II; Fig. 1 ), suggestive of negative cooperativity with respect to this reactant (29) . The allosteric effect probably has no significance under physiological conditions in the peroxisomes, where the NADH-HPR reaction should prevail (13) , but it may be useful in distinguishing the peroxisomal enzyme from the NADPH-preferring HPR. The latter, found in the 45 to 60% ppt. of maize, was inhibited at relatively low concentrations of hydroxypyruvate (Table I ; Fig. 1) , with an apparent Ki of 3 mM. A substrate inhibition of the NADPH-dependent HPR activity was previously reported for purified spinach HPR-2 (18). [18, 19] ). Assuming that the antibodies do partially recognize the NADPH-preferring HPR from maize, then they would indeed be expected to cause some decrease in the NADPH-dependent rates following immunoprecipitation.
Activation by NADPH
Rates of NADPH-HPR in crude extracts and after ammonium sulfate fractionation increased markedly upon incubation of the enzyme with NADPH (Fig. 2) . Following 20 min incubation, there were about three-and sixfold increases in NADPH-HPR activity in the crude and the 30 to 45% ppt. fractions, respectively, and about 60% stimulation of activity from the 45 to 60% ppt. After the NADPH treatment, rates in the crude and the 30 to 45% ppt. fractions were nonlinear, showing an initial burst of activity followed by a slower constant rate; the magnitude of the latter was similar to, or slightly lower than, rates observed for NADPH-untreated enzyme (enzyme-initiated reaction). Some apparent activation by NADPH was also observed for NADPH-GR activity from the 45 to 60% ppt. (Fig. 2) .
The burst of activity, as found for maize NADPH-HPR following incubation with NADPH, was analogous to that previously reported for NADPH-HPR from leaf extracts of spinach or pea, where assays were initiated with hydroxypyruvate, i.e. allowing for some preincubation with NADPH (16) (17) (18) . The burst was attributed to nonspecific action of peroxisomal HPR-1, since it could be completely eliminated by preincubation with the antibodies against this enzyme (17) . However, no burst was observed for the NADPH-dependent activities ofthe HPR when assayed in the peroxisomal fraction of pea leaf protoplasts (16) or for the purified peroxisomal enzyme from spinach (data not shown), which suggested an involvement ofsome additional factor(s) in this phenomenon. Based on this evidence, and finding that the burst strongly depends on the duration of NADPH-pretreatment (Fig. 2) which hydrolyzes NADPH to NADH, the latter being utilized by the peroxisomal HPR, may be involved. Subsequent studies have demonstrated that maize extracts contain considerable NADPH-hydrolyzing activity (Table VI) , the bulk of which could be recovered in the 45 to 60% ppt. following ammonium sulfate-fractionation (Table IV) . The phosphatase was sensitive to fluoride (a general phosphatase inhibitor [30] ), showing less than 20% of activity with 15 mm NaF (Table IV) . NADPH-HPR was also inhibited by NaF, but to a much lesser extent (20-30% inhibition without NADPH pretreatment, Table IV ). There was a quantitative correlation between rates of NADPH-P'ase and rates of the NaF-sensitive NADPH-HPR in both 30 to 45% and 45-60% ppts., suggesting that presence of the phosphatase may cause some overestimation of true rates of NADPH-HPR even without preincubation with NADPH. When fluoride was included in incubation mixtures with NADPH, its presence dramatically reduced the apparent activation of NADPH-HPR in the 30 to 45% ppt. fraction, while it caused less than 25% reduction in rates associated with the 45 to 60% ppt. (Table IV) . Overall, however, when considering the results obtained with NaF, there was about 60% increase in rates in both fractions compared to assays which were not preceded by incubation with NADPH. Some stimulation (10-15%) 1/OH-pyruvate (mM-1) Figure 3 . Effects of sodium fluoride and NADPH pretreatment on substrate kinetics of NADPH-HPR from the 45 to 60% ppt. fraction of maize leaf extracts. A, Neither preincubation mixtures nor assays contained NaF; B, both preincubation mixtures and assays contained 15 mM NaF. (0), Without NADPH-pretreatment; (0), following 10 min preincubation with 0.2 mm NADPH.
caused by NADPH in the presence of NaF was also found for maize NADPH-GR (45-60% ppt.).
The NADPH and NaF treatment of maize activities associated with the 45 to 60% ppt. apparently had no effect on the Km for hydroxypyruvate of NADPH-HPR, as demonstrated by double reciprocal plot analysis (Fig. 3) . The plots were linear in the range of hydroxypyruvate concentrations of 0.06 to 0.33 mM, and the activation appeared to be due solely to increased catalysis of the reductase, regardless of the presence of NaF. Neither NADPH nor NaF-treatment relieved the strong substrate inhibition of NADPH-HPR, which was apparent at a concentration of hydroxypyruvate as low as 1 mM.
Whether NADPH-HPR is truly activated by NADPH is still unclear. The possibility that low NaF-insensitive NADPH-P'ase activity (Table IV) is the only cause of the activation phenomenon cannot be ruled out. The data, however, show that presence of the phosphatase may interfere with the accuracy of assays of NADPH-HPR and, perhaps, may affect assays of other NADP(H)-dependent enzymes. This could be especially pronounced in cases where assays of NADP(H)-dependent activities contain corresponding enzyme(s) specific for NAD(H). An example is nitrate reductase and the previous controversy surrounding its cofactor specificity (e.g. Campbell [5] ). The phosphatase-induced artefacts in measurements of leaf NADPH-nitrate reductase were first reported by Wells and Hageman (34) .
Is There a Glyoxylate-Specific Reductase in Maize?
Characteristics of the NADPH-dependent GR activity in maize suggest that the enzyme in question differs substantially from the glyoxylate-specific reductase found in C3 plants. As already mentioned, its affinity for glyoxylate (Km of about 1 mm, Table II ) was at least 10-fold lower than that determined for the enzyme from C3 species (17, 19) . When acetohydroxamate, a strong inhibitor of spinach or pea NADPH(NADH)-GR (1 1, 17, 20) , was included in assays of maize GR, it had virtually no effect at 1 mm concentration and caused only 8 to 10% inhibition at 5 mm (data not shown). By comparison, the same levels of acetohydroxamate caused 60% (1 mM) to 80% (5 mM) inhibition of the crude ammonium sulfate fractionated (45-60% ppt.) spinach NADPH-GR activity (data not shown).
It has been previously demonstrated (18) that purified spinach NADPH-preferring HPR shows low rates with glyoxylate as a nonspecific substrate. This indicates that at least some portion of the GR activities found for crude or nearcrude leaf extracts could actually reflect nonspecific rates of the HPR. Some very circumstantial evidence in favor of the presence of the NADPH-preferring enzyme(s) carrying both HPR and GR activities in maize is inferred from the salting out experiment (Table I) , where both activities were recovered largely in the 45 to 60% ppt., and showed a similar increase in yield following the fractionation. We attempted to test this possibility further by measuring NADPH-dependent rates with both hydroxypyruvate and glyoxylate present simultaneously in the assay mixtures (Table V) . The rationale was that, if NADPH-dependent activities belonged to two (or more) distinct reductases, the rates with both substrates in the same assay would be expected to represent a sum ofindividual rates of HPR and GR. This was clearly not the case for maize activities, which showed no additive effect. On the other hand, the sum of individual activities of spinach reductases isolated as the 45 to 60% ppt. was very similar, if not identical, to the activity determined with both substrates present simultaneously in assays (Table V) , a finding consistent with the pres- (Fig. 4) 
Cellular Localization
When leaves of maize were analyzed for cellular distribution of both HPR and GR rates, the enzymes involved were found to be localized preferentially in the bundle sheath compartment (Table VI) . After an adjustment (calculations done according to Moore et al. [24] ) for cross-contamination of both fractions, as reflected by the distribution of PEPC and NADP-ME, a mesophyll and a bundle sheath cell marker, respectively, about 90% of total activities of NADH-HPR, and 76 to 77% of NADPH-HPR, NADPH-GR, and NADH-GR, could be assigned to the bundle sheath cells.
The finding of most of the NADH-HPR activity in the bundle sheath cells confirmed previous reports which were based on similar (i.e. mechanical) cell isolation procedures (e.g. 23, 27) . Analogous results were obtained with enzymically isolated mesophyll protoplasts and bundle sheath strands of maize (22) . In the latter case, the activity in the mesophyll accounted for less than 20% of the total activity, most probably belonging to the mesophyll isoenzyme of peroxisomal HPR-1 (26) . With respect to NADPH-dependent activities, the cellular distribution of NADPH-HPR followed closely that of NADPH-GR (and of NADH-GR) (Table VI) , supporting our tentative presumption that they may be associated with the same enzyme(s) in maize. In addition, low but distinct NADPH-dependent activities in the mesophyll fraction suggest the presence of at least two isoenzymes of NADPH-HPR(GR), one in each of the cell types, similarly to the peroxisomal NADH-preferring HPR.
Compared to HPRs and GRs, rates of maize NADPH-P'ase were more evenly distributed between the two cell types (Table  VI) , but still about two-thirds of its total activity could be assigned to the bundle sheath compartment. Little is known about properties of NADPH-P'ase from plant tissues, and we are not aware of any report on this activity in C4 species. It appears likely, however, that enzymic hydrolysis of NADPH, as observed for maize, could be due to the action of acid phosphatase, an enzyme ubiquitous to most organisms and which utilizes a wide range of phosphoesters as substrates (8, 30) . Whatever is the nature of the enzyme, it has to be regulated or compartmentalized away from NAD kinase to prevent a futile cycle wasting ATP. The NADP(H)-P'ase reaction appears to be of physiological significance, most probably being involved in the fine regulation of NAD(H)/ NADP(H) levels during light/dark transition in plants (9, 25) , and certainly deserves more detailed study.
On the Possible Role of Hydroxypyruvate and Glyoxylate
Reductases in Maize
The preferential localization of HPRs and GRs in the bundle sheath cells, where most of the glycolate metabolism occurs (13, 33) , seems consistent with the involvement of these activities in the oxidative photosynthetic carbon pathway, as has been proposed for the reductases from C3 species (11, 13, (16) (17) (18) 32) . It is generally accepted that the enzyme compartmentation, metabolite transport and the sequence of reactions from P-glycolate up to the level of glycerate in the bundle sheath tissue are analogous to those found in C3 species (13, 22, 26, 33 peroxisomes is most probably directly involved in the photorespiratory cycle, utilizing hydroxypyruvate derived from serine by the action of another peroxisomal enzyme, serine:glyoxylate aminotransferase (13) . The NADH needed for the HPR reaction is equivalent to the NADH formed during glycine oxidation in the mitochondria; reducing equivalents might be transported through shuttle system(s) between mitochondria and peroxisomes (12, 28) .
If maize NADPH-preferring HPR and GR are localized outside the peroxisomes, as is the case in C3 species (1 1, 16 ), the HPR from the bundle sheath cells may reduce hydroxypyruvate leaked or otherwise exported from the peroxisomes, utilizing NADPH ultimately derived from photosynthetic reactions (16) . Movement of hydroxypyruvate outside the peroxisomes may be necessitated by limited NADH availability caused by coupling of glycine oxidation to oxidative phosphorylation in the mitochondria (12) , by inefficiency in transport of reducing equivalents between the two organelles (7) , or may be due to the 'leaky' nature of the peroxisomal membrane itself, as found for lettuce (1) . This last factor may decisively contribute to the availability of glyoxylate, generated in peroxisomes, for the NADPH-preferring GR. It is unclear at present whether GR activities in maize are carried out by the glyoxylate-specific reductase(s), as found for C3 plants ( 17, 19) , or are the expression of the hydroxypyruvatepreferring enzymes. If the latter is the case, given high affinity of maize HPRs for hydroxypyruvate (Table II) , the reductases involved would strongly prefer hydroxypyruvate over glyoxylate as the substrate, rendering any substantial GR activity in vivo rather unlikely.
The high activity of maize NADPH-HPR/GR from the bundle sheath cells (over 100 ,umol h-' mg Chl'), which is the upper range of values reported for C3 enzymes (17, 20) , seems surprising for a plant that is supposed to have only limited photorespiratory metabolism (13) . Perhaps, the activities involved serve some other function(s), not related to photorespiration, but this is hard to reconcile with the view that most hydroxypyruvate and glyoxylate in photorespiring cells is derived from glycolate (13) . More likely to be at least partly active in nonphotorespiratory metabolism are the reductases localized in the mesophyll cells, since P-glycolate is not produced in these cells and they lack serine hydroxymethyltransferase, which is involved in the glycine to serine conversion of the glycolate pathway (10) . For instance, the hydroxypyruvate required for HPR in this tissue might be derived from P-seine, which has been suggested to be a photosynthetic product in maize mesophyll cells (6) , while some glyoxylate may be formed from pyruvate through a series ofreactions involving P-enolpyruvate as an intermediate (35) . Whatever the sources of hydroxypyruvate or glyoxylate, maize leaves appear to have sufficient capacity to metabolize these compounds by the action of at least two reductases which utilize either NADH or NADPH as reductant.
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